Background: Early progressive nonfluent aphasia (PNFA) may be difficult to differentiate from semantic dementia (SD) in a nonspecialist setting. There are descriptions of the clinical and neuropsychological profiles of patients with PNFA and SD but few systematic comparisons.
For the nonexpert, PNFA and SD 6, 7 may be difficult to distinguish in the early stages. Both syndromes are characterized by gradual language deterioration. Patients with PNFA present effortful, nonfluent spontaneous speech with phonological errors and/or agrammatism. 2 In SD, the linguistic deficit reflects a breakdown in the conceptual knowledge base underlying language comprehension and production. [8] [9] [10] [11] A functional language assessment should evaluate and rate these features but considerable expertize is needed to detect the mild deficits and differentiate SD from PNFA. Patients and relatives' descriptions of language breakdown are typically imprecise. Although some will be able to report word-finding problems, anomia, and comprehension difficulties, others may perceive these deficits as "memory loss" or "hearing impairment."
The differentiation of variants of FTD from AD has received considerable attention 9, 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] but there has been surprisingly little systematic comparison of the 2 language variants of FTD despite a large number of detailed neuropsychological and linguistic studies of SD, 24 and to a lesser extent, of PNFA. 25, 26 Knibb et al 27 applied cluster analysis, blind to diagnosis, in a large group of patients with pathologically confirmed progressive aphasia and showed 2 distinct clusters corresponding to PNFA and SD. In line with these results, another study compared a large group of patients with SD with individuals presenting AD, posterior cortical atrophy, PNFA, and bvFTD and identified a characteristic pattern of performance in semantic memory tests in the SD group. 28 The patients with SD constituted a homogeneous group characterized by a single underlying deficit in conceptual category knowledge impacting several modalities. A similar approach was used by Libon et al 29 in a group of patients presenting with AD or dementia within the FTD spectrum (bvFTD, PNFA, SD, and corticobasal degeneration) and they identified distinct neuropsychological profiles for each group. Patients with AD were impaired on tests of episodic memory, whereas mental flexibility was disrupted in bvFTD patients. PNFA and corticobasal degeneration patients obtained low scores on tests of working memory and patients with SD obtained the lowest scores on a semantic judgment task.
We present neuropsychological data from a series of patients seen at the Early Onset Dementia clinic in Addenbrooke's Hospital between 2004 and 2007. Our main objective was to describe and compare the neuropsychological profiles of patients presenting with early PNFA and SD on a battery, which has evolved over a decade designed to capture the main distinctions between these syndromes. This study may contribute to a better understanding of the cognitive impairments of these patients and may constitute a source of guidance to clinical practice for the diagnosis of these conditions.
MATERIALS AND METHODS

Patients
Subjects were selected retrospectively from a consecutive series of 120 patients seen at the Early Onset Dementia clinic at Addenbrooke's Hospital, Cambridge and who undertook their first neuropsychological evaluation with the battery described below between January 2004 and July 2007.
The inclusion criterion was that the first and most prominent symptom was of gradual-onset language disturbance with preservation of general activities of daily living over the first 2 years of the disorder. The exclusion criteria were (1) other conditions that impact on cognition (eg, brain tumor, vascular lesions, major depression, or other psychiatric illness); (2) well-defined diagnoses of neurodegenerative syndromes where language deficits may be present but in the context of a more generalized cognitive dysfunction such as AD; (3) activities of daily living affected by cognitive deficits other than language disturbances (such as episodic memory or visuospatial impairment); and (4) limited testing data.
Of the 120, 38 patients were given a diagnosis of bvFTD. Among the 82 remaining subjects, 39 were excluded (27 because of other potentially relevant etiologies, that is, meeting exclusion criteria 1, 2, and 3, such as major depression or AD diagnosis, and 12 with limited data). Thus, our final sample consisted of 43 patients, whose demographic and clinical features can be seen in Table 1 .
The diagnosis was made in each case by 1 senior behavioral neurologist (J.R.H.). A diagnosis of PNFA was made when there was an isolated disorder of expressive language characterized by effortful speech production, phonologic and/or grammatical errors, and word retrieval difficulties with relative preservation of word meaning comprehension.
2,10 SD was diagnosed when there was fluent, effortless, and grammatically correct speech output lacking phonological errors, generally empty in content with a notable naming deficit associated with difficulty understanding single words and objects. 2, 9 The diagnosis was based first on an informantsubstantiated history, supported by the Cambridge Behavioral Inventory (CBI), 30 a questionnaire investigating broad neuropsychiatric symptoms and everyday functional ability in dementia, and second on a clinical assessment of language function, 31 which included verbatim recording of spontaneous utterances, naming of objects and line drawings, comprehension of words and sentences, repetition of polysyllabic words and of phrases, reading, and writing. For the CBI, 81 items were assessed in which caregivers rated the frequency of a behavior on a scale of 0 (no change) to 4 (severe problem) on the basis of the patients' behavior over the previous month.
The following investigation results were available to the diagnosing clinician. These were used to establish the absence of the exclusion criteria, but did not inform the differential diagnosis between PNFA and SD. Generalized cognitive impairment was excluded using the Addenbrooke's Cognitive Examination-Revised (ACE-R), 32 a brief neuropsychological screening battery that assesses attention/orientation, memory, verbal fluency, language, and visuospatial abilities and incorporates the Mini-Mental State Examination (MMSE). 33 The Clinical Dementia Rating Scale (CDR), 34 a tool designed to address cognitive and functional performance for the clinical staging of dementia, was also used for this purpose. Physical examination, routine blood tests, and structural magnetic resonance imaging were used to rule out disorders of which progressive aphasia is a secondary feature. Patients with PNFA typically showed structural changes involving mainly left perisylvian structures, particularly the insular cortex and Broca area, and patients with SD showed polar, parahippocampal, and inferior temporal lobe atrophies.
All patients were participants in a research program on progressive language disorders approved by the Local Research Ethics Committee.
Procedures
A comprehensive neuropsychological battery was developed to evaluate the patients, which was complementary to the routine tests used at the Early Onset Dementia Clinic at Addenbrooke's Hospital. The diagnosing clinician was blind to the results of the neuropsychological battery. Neuropsychological testing was carried out either in the clinic or at the patients' homes between January 2004 and July 2007. This neuropsychological examination was accomplished in approximately 60 to 90 minutes. The neuropsychological protocol comprised 13 cognitive tests from which 17 measures were obtained and addressed in this study. The battery did not undergo changes over the testing period.
Cambridge Assessment of Progressive Language and Motor Abilities
(1) Graded Naming Test 35, 36 : It consists of 30 black and white line drawings, presented for oral naming, in the order of difficulty. (2) Confrontation Naming from the Semantic Memory Battery (SMB) 34 : This battery consists of a collection of tests that uses the same set of 64 stimulus items to assess semantic knowledge systematically across different input/output modalities. The stimuli were chosen from the corpus of line drawings by Snodgrass and Vandewart representing 4 categories of living things (domestic animals, foreign animals, birds, and fruit) and 4 categories of artifacts (large household items, small household items, tools, and vehicles). In this task, patients are asked to name orally the 64 line drawings. (3) Word-picture matching from the SMB 34 : This is a spoken word-to-picture matching task using picture arrays containing the target plus 9 within-category foils. The maximum score is 64. (4) Repeat and point 6 : This test consists of 10 concrete nouns varying from 2 to 5 syllables in length. First patients are asked to repeat the word as read by the examiner and a repetition score is given accounting for the number of corrected repeated items in the first repetition attempt. Subsequently, patients are shown an array of 7 pictures (target and 6 semantically related foils) and asked to point to the target item named by the examiner. (5) Camel and cactus picture test 37 : This is a test of semantic association in which subjects are asked to match conceptually related pictures. The subject is asked to choose from 4 same-category items the one that has an associative relationship with the target picture. For example, in one of the trials a picture of a camel is shown to be matched with 1 of 4 types of vegetation: cactus, tree, sunflower, or rose. The test consists of 64 target pictures. (6) Name-face matching: This spoken name-to-face matching task investigates person-specific semantic knowledge. 38 The test comprises 48 stimulus items consisting of famous people falling into 4 broad occupational categories (actors and television presenters, politician and statesmen, singers and musicians, and sportsmen). Subjects are required to point to the appropriate face from an array of 10 famous people belonging to the same occupational category. 44 : Subjects are asked to produce a continuous line between an ascending series of numbers (part A) or of alternating numbers and letters (part B) randomly distributed on a page. We studied the time required to complete these tasks.
Statistical Analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 13.0 for Windows (SPSS, Chicago, IL).
Neuropsychological data were reduced using a Principal components analysis (PCA) with orthogonal varimax factor rotation. This technique was used to extract factors that best describe the core neuropsychological features of the sample of patients. Tests were considered to be part of a factor if their loading was greater than 0.5.
Independent t-tests were performed to test differences between SD and PNFA patient groups' means in demographic, clinical, and neuropsychological characteristics. The Fisher exact test was used to compare sex distribution across the groups.
Paired t-tests were conducted for comparisons of test means within the same group. Comparisons were set at a level of 0.05 (2-tailed). (Table 1) Our sample included 16 patients with PNFA (9 men and 7 women) and 27 with SD (20 men, 7 women). Despite a greater proportion of men in the SD group compared with PNFA, we found no significant differences in sex distribution between the 2 groups (exact P=0.316). The groups did not present significant differences regarding years of education, age at test, disease duration, MMSE, and CDR. All patients had minimal or mild dementia severity (CDRr1). The SD group had significantly lower scores on the ACE-R compared with patients with PNFA (49.6±16.3 vs. 64.0±21.0, P<0.05). On the ACE-R subscores, the patients with SD performed significantly worse than patients with PNFA on the memory and language subscales. There were no significant differences between the 2 groups in the overall score of the CBI, but the patients with SD had more behavioral symptoms.
RESULTS
Demographics and Patients Characteristics
The results of postmortem brain examination have become available in 7 of the patients: 2 with SD both of whom had FTLD with TDP inclusions; and 5 with PNFA of whom 3 had FTLD with tau-positive pathology and 2 had classic AD.
Neuropsychological Tests-Data Reduction With PCA
The results of the PCA are presented in Table 2 . Only factors with eigen-values Z1 were considered. Variables were considered to contribute meaningfully to a factor if their loadings exceeded a threshold of 0.500. A 5-factor solution accounted for 78.4% of the total variance.
There were 2 major factors. The first (Factor 1) explained 32.5% of the total variance and consisted of 4 tests: word-picture matching task from SMB, surface list, camel and cactus pictures, name-face matching, and the pointing subtest from the repeat and point task. We refer to this as the semantic memory factor. The second (Factor 2) accounted for an additional 23.1% of the total variance and consisted of 4 tests involving verbal working memory and phonological processing: digit span (forward and backward), repetition subtest from the repeat and point task, and nonword repetition test. The other 3 factors made only small contributions, and the shared variance in each is likely to be explained simply by the similarity of the tasks. Factor 3 was responsible for 9.6% of the total variance and comprised tests requiring word retrieval: letter and category verbal fluency tasks, and Graded Naming and Confrontation Naming from the SMB. Factor 4 explained 7.2% of the total variance and consisted of tests assessing processing speed and shifting: Trail-making tests part A and B. The final factor (Factor 5) accounted for 6.0% of the total variance and included the copy and immediate recall of the Rey Complex figure. We refer to this factor as visuoconstructional ability and nonverbal episodic memory.
To explore the ability of the 2 major factors to classify the patients in our sample, we plotted each patient according to his or her scores on Factors 1 and 2 (Fig. 1) . As seen from the figure, most of the patients with SD (23 of 27, 85%) had greater scores on Factor 1 compared with Factor 2. The converse applied to all PNFA cases, and hence, the overall accuracy of the first 2 factor scores in distinguishing PNFA from SD was 91% (39 of 43). Of the 27 patients with SD, 8 had low semantic scores, which reflects the mildest of the disease at presentation but they did not show impairment on factor 2 tasks. Classification differences cannot be explained in terms of CDR and MMSE scores.
Intergroup Comparisons
Means, standard deviations, and statistical comparisons between the 2 groups for each of the neuropsychological tests can be seen in Table 3 .
The SD and PNFA groups differed significantly in all tests, except Rey copy figure, Rey immediate recall, Trailmaking tests parts A and B, and Letter verbal fluency. Patients with SD presented lower scores on the following tests that loaded on the semantic memory factor (wordpicture matching task from SMB, surface list, camel and cactus pictures, name-face matching, the pointing subtest from the repeat and point task) and on word retrieval tests (category verbal fluency, Graded Naming and Confrontation Naming from the SMB). Conversely, patients with PNFA presented lower scores on tests that loaded on Factor 2 (digit spans, repetition subtest from the repeat and point task, and nonword repetition test).
Verbal fluency tests are frequently included in neuropsychological batteries. To explore potential contrasts between letter and category fluency tests, intragroup comparisons were conducted. In the PNFA group, letter fluency was significantly more impaired than category verbal fluency (P=0.01, t=2.950, df=15). The mean difference between conditions was 8.313, and the 95% confidence interval for the estimated population mean difference was between 2.307 and 14.318. Most patients with SD showed the opposite pattern (15 patients), but no significant difference between letter and category fluency was found in this group (P=0.243, t= À 1.198, df=24). The mean difference between conditions in the SD group was À1.920, and the 95% confidence interval was between À5.229 and 1.389.
DISCUSSION
The purpose of our study was to provide a detailed account of the neuropsychological profiles of a relatively large sample of patients with progressive aphasia from the same center given a clinical diagnosis of SD or PNFA assessed using the same comprehensive battery of neuropsychological tests. There were no significant differences between the groups in terms of age at test, education, symptom duration, and 2 different measures indicative of disease severity, the CDR and the MMSE. All patients were examined in a relatively mild phase of the disease.
Two factors, semantic memory and verbal working memory/phonological processing, accounted for 55.6% of the total variance and comprised tests in the differentiation of SD from PNFA. Patients with SD presented lower scores on the tests that loaded on the first factor (the camel and cactus test, the point part of the repeat and point, word--picture, name-face matching tests, and the surface list) and higher scores on tests that composed the second factor (nonword repetition, digit span and word repetition). The opposite pattern was found in patients with PNFA. This double dissociation provides clear evidence that PNFA and SD, in addition to being distinct clinical syndromes, 45 have different neuropsychological test profiles. The analysis of individual patients' scores for factors 1 and 2 ( Fig. 1) showed that in virtually all cases the ratio of factor scores was in the predicted direction. However, in terms of absolute scores there were a number of outliers. A proportion of patients with SD had an associated impairment of auditory verbal short-term memory. It was also possible to identify a small number of patients with SD who presented with very mild semantic memory impairment resulting in relatively little impairment on Factor 1. The performance of patients with SD on the battery is in keeping with previous descriptions of the syndrome. 8, 9, 11, 20, 21, 24, 27, [45] [46] [47] [48] [49] [50] It has been argued that the deterioration of semantic memory underlies the severe anomia seen from an early stage of SD. 24, 28, 51 Compared with PNFA, SD is a very homogeneous disorder: patients evolve through distinct stages with increasing impairment on nonverbal tasks as the disease progresses. 51 A consistent accompanying feature is surface dyslexia 39, 48 characterized by difficulties in reading exception words with regularization errors (eg, pint to rhyme with hint). The pattern was evident on the surface reading list. By contrast, patients with SD showed high scores on tests involving repetition of words and nonwords, and on digit span tasks, indicating preservation of phonological processing and working memory skills. This neuropsychological profile is consistent with the damage of the anterolateral temporal lobes, usually bilaterally, reported in the disease. 2, 49 Compared with SD, patients with PNFA were less impaired at naming tests and showed intact performance in tasks involving semantic associations (Factor 1). By contrast, they showed greater deficits on tests of repetition and verbal working memory, involving the storage and manipulation of phonologic information (Factor 2). These findings are in keeping with earlier studies of PNFA. Unlike SD, PNFA is almost certainly a heterogeneous disorder both in terms of clinical profile and underlying pathology. 52 Patients with PNFA have in common a disruption of speech fluency because of problems with articulation, phonology, and/or syntactic aspects of language.
Some recent studies have proposed a distinction between PNFA and logopenic progressive aphasia (LPA) 49, 53 in which patients lack speech apraxia but show anomia with phonological errors, relatively good single word repetition but impaired repetition and comprehension of sentences. The importance of this distinction seems to be the underlying neural substrate. In patients with speech apraxia, non-Alzheimer forms of pathology predominate, 54, 55 whereas there is growing evidence that the majority of patients with LPA have underlying Alzheimer pathology. 53, 56 Although some researchers consider LPA a distinct syndrome with unique clinical, anatomical, and pathological characteristics 49, 53 others argue that the characteristic deficits of both PNFA and LPA overlap in many cases. 57 In this study, the battery used did not include a qualitative evaluation of speech necessary for the diagnosis of apraxia or tests of sentence processing-the key to the separation of logopenic aphasia. Therefore, it does not allow for a separation between PNFA and LPA. Nevertheless, our battery was capable of distinguishing PNFA from SD and is sufficient for diagnosis in a general cognitive disorder setting. Clearly, future work should explore the value of additional tasks in distinguishing PNFA from LPA or other variants (Rohrer et al, 2010) . 58 Earlier studies comparing initial letter versus category fluency have revealed conflicting results. Some studies have found greater impairment of letter fluency in PNFA, 50 whereas others have not. 49 Our findings show that both letter and category fluency are severely disrupted in PNFA and SD, with proportionately greater impairment of letter fluency in PNFA.
It is notable that tests comprising Factor 4 (Trailmaking parts A and B) and 5 (Rey Figure copy and recall) did not distinguish PNFA from SD. The preserved performance in these domains is helpful therefore in separating PNFA and SD from other dementing disorders. Visuoconstruction and nonverbal episodic memory were generally preserved in these patients, confirming previous findings. Other characteristics help in the differentiation of PNFA from SD. Patients with SD showed greater behavioral dysfunction, typical of bvFTD. This finding is consistent with other studies that specifically addressed this question 61, 62 showing the overlap between FTD syndromes. It is important to discuss some limitations of the current study. First, the diagnoses of SD and PNFA were made clinically, without neuropathological confirmation of the etiology of the disease. Second, we conducted an exploratory factor analysis to extract the central features of our neuropsychological battery and owing to our relatively small sample size we acknowledge that our factor solution could be unstable and should be interpreted cautiously. In addition, our battery included several tests that use similar methodologies (ie, many Factor 1 tests require matching and many Factor 2 tests require repetition). This raises the possibility that shared method variance is responsible for the proposed factor structure. To address these issues, our results should be replicated using confirmatory factor analysis on a larger sample of patients with SD and PNFA and using a broader battery of tests. Moreover, future studies need to be conducted, including tests assessing apraxia of speech, sentence repetition, and sentence comprehension, which are measures that would be relevant to a better characterization of patients with PNFA.
In summary, our data support the broad separation of PNFA and SD on the basis of their neuropsychological profiles. Tests evaluating verbal and nonverbal semantic memory (poor in SD) and those assessing verbal working memory and phonological skills (poor in PNFA) are the most differentiating.
